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What is Pesticide Resistance?
o

Genes naturally occur in pest
population
•

o

Not mutations from chemical

Pesticide use “selects” for resistance
o

Kills susceptible individuals those without the gene to
protect them die

o

Those with the gene don’t die,
and are “Selected” for by killing
off other types

What is Pesticide Resistance?
o

Pests with gene
1.

Survive pesticide exposure

2.

Reproduce and pass on the genes for
resistance to their offspring

o

The pest population has increasing
numbers of resistant individuals

o

Over time, population as a whole is more
resistant to the pesticide

What is Pesticide Resistance?
Inheritable (genetic) characteristic of a pest
that makes it less sensitive to a pesticide
•

Can occur in all types of pests
•

•

weeds, insects, fungi, etc.

Pest is able to survive pesticide exposure
that would kill those without the genes

All types of pesticides are at risk
for resistance!
Herbicides
Herbicide Resistance Action Committee (HRAC)
http://www.hracglobal.com
Fungicides
Fungicide Resistance Action Committee (FRAC)
http://www.frac.info
Insecticides
Insecticide Resistance Action Committee (IRAC)
http://www.irac-online.org
International groups founded by the agrochemical industry for a cooperative
approach to resistance management. Sources for info and education materials.

Why is Managing Resistance Important?
•
•

Pesticide resistance is increasing
Currently:
o 520 insect and mite species
•

At least 17 insect species are
resistant to all major classes
of insecticides

o

273 weed species

o

150 plant diseases

o

10 rodent species

Mode of action (MoA)
The chemical structure of a pesticide
defines:
o Target site - the “where” - physical

location within an organism where the
pesticide acts
o Mode of action - the “how” - action of a

pesticide at its target site.

Pesticide Groups
• Each pesticide has been assigned a Group
Number to help growers make resistance
management decisions

• Group number based on target site and MoA
• Pesticides in a group share similar
characteristics and risk cross-resitance
• Group number is clearly marked on most
labels

Herbicides - HRAC and WSSA groups
Updated system in 2020
Harmonized HRAC and
WSSA (no more letters,
both use same # )

Clethodim - Select, Intensity, IntensityOne, Arrow, Shadow, etc
Sethoxydim – Poast
• Different a.i., but still SAME GROUP

Consult the label for RM info
In addition to group numbers, many labels have specific info or
instructions regarding RM

Consult the label for RM info

Consult the Cranberry Chart book!

Key Points About Managing Resistance
•

•
•

Goal is delaying development of
resistance, not managing resistant pest
biotypes once detected
Use Integrated Pest Management (IPM)
program
Minimize use of at-risk products

Applications must be timed correctly
• Target the most vulnerable life stage of the pest

• Use recommended spray rates and application
intervals
o A high rate can take out pests that might be somewhat
resistant, but using a rate too low may allow them to survive

Challenges to Managing Resistance
•

Products with resistance risk for one pest
are also used for others
o

Pesticides don’t work only on target!
o

Delegate for BHFW…may expose Spag
too!

o

Avaunt for green spanworm will hit
cranberry weevil!

Challenges to Managing Resistance
•

•

Not always something to rotate to, even
if you try!
•

Not many cranberry herbicides

•

i.e. clethodim and sethoydim for grasses

Pesticides vary widely in cost

✓ Do not rely on pesticides alone
Integrate different controls!

• synthetic pesticides
• biological pesticides
• beneficial insects
(predators/parasites)
• cultural practices
• chemical
attractants/deterrents

Natural pest population
• Some bugs have genes that make them less
sensitive to a pesticide

Pesticide application
• The bugs that are susceptible die

Pesticide application
• The bugs that have naturally occurring genes
that make them less sensitive to a pesticide
survive…

After pesticide application
• We have applied selection pressure.
• The bugs with genes that make them less
sensitive to a pesticide reproduce.
• The offspring have the genes that make them
less sensitive to the pesticide.
• The new population is more resistant than a
natural population.

• Eventually, the population is mostly made up of
resistant individuals.
• Under permanent selection pressure, resistant
insects outnumber susceptible ones and the
insecticide is no longer effective.

Cranberry Weevil
Resistant to organophosphates in 2000
• Imidan
• Lorsban
• Guthion

• Orthene

• Parathion

• Sevin

Resistant to indoxacarb in 2020
• Avaunt

Resistance takes time to develop!

• Outside population brings in susceptible gene.
• But it takes a long time to change.
On farm

Resistance takes time to develop!
X

X

X
X
Same chemistry

New chemistry

X

Resistance Development
SPRAY 1 TIME

90%
Control

= Susceptible Individual
= Resistant Individual
Vittum & Silcox – Turf Insecticide M odes of Action and Resistance M anagement

Resistance Development
SPRAY 3rd TIME

90%
Control

= Susceptible Individual
= Resistant Individual
Vittum & Silcox – Turf Insecticide M odes of Action and Resistance M anagement

Resistance Development
SPRAY 5th TIME

90%
Control

= Susceptible Individual
= Resistant Individual
Vittum & Silcox – Turf Insecticide M odes of Action and Resistance M anagement

Resistance Development
15 years of Lorsban (1985-2000)
15 years of Avaunt (2005-2020)
Multiple applications (of same
MOA) each year

= Susceptible Individual
= Resistant Individual
Vittum & Silcox – Turf Insecticide M odes of Action and Resistance M anagement

Chemical A

Resistance Management by
Multiple Attack

90%
Control

= Susceptible
= Resistant to Chemical A
= Resistant to Chemical B
Vittum & Silcox – Turf Insecticide M odes of Action and Resistance M anagement

Chemical B

Resistance Management
by Multiple Attack

90%
Control

= Susceptible
= Resistant to Chemical A
= Resistant to Chemical B
Vittum & Silcox – Turf Insecticide M odes of Action and Resistance M anagement

BTDipel

RIMON

CONFIRM
INTREPID

DIAZ, LORSBAN, SEVIN…
ACTARA, ADMIRE, ASSAIL…
DELEGATE, SPINTOR, ENTRUST
AVAUNT PYGANIC, FANFARE

22- Avaunt

1- OP’s
3 - Pyrethroids
11 - BT

28 - Diamides

4 - NeoNics
5 - Spinosyns

18 – IGR’s

Blue = Nerve and Muscle Red = Respiration Orange = Midgut Green = Growth and
Vittum & Silcox – Turf Insecticide M odes of Action and Resistance M anagement
Development

Insecticide Neuromuscular Targets

Acts on the enzyme
acetycholine (nerve transmitter)
and inhibits its ability to
transmit OPs
Carbamates

Excitatory Neuron

Muscle

AChE
Glut

ACh

Na+/K+
channels
Pyrethroids
Indoxacarb

GABA

Motor Neuron
Blocks the movement
of sodium ions into
nerve cell channels

Binds to site on nicotinic
acetylcholine receptors

The acetycholine neural transmission
Vittum & Silcox – Turf Insecticide M odes of Action and Resistance M anagement

Cranberry
Weevil

Lorsban – OP -

Acetylcholine esterase inhibitor

Actara – NeoNic -

Nicotinic acetylcholine receptor
competitive modulators

Avaunt – Oxadiazine -

Voltage-dependent sodium
channel blocker

Fanfare – Pyrethroid -

Sodium channel modulators

Cranberry
Weevil

Lorsban – OP Actara – NeoNic -

Lorsban interferes with transmission of nerve impulse
Actara binds on nerve receptor keeping impulse on
(Delegate is similar but binds on nerve receptor to different
site to keep impulse on)

Avaunt – Oxadiazine - Avaunt inhibits flow of sodium ions into nerve cell
Fanfare – Pyrethroid - Fanfare prevents the closure of sodium channels

Insecticide Resistance Action Committee

Group 18A Insecticide

Diacylhydrazine
halofenozide (Mach 2™)
methoxyfenozide (Intrepid™)
tebufenozide (Confirm™)

IGR –
Insect Growth
Regulator
Targets the
Endocrine System

• Discover in 1983, products introduced in 1993
• MACH 2™, was introduced to the turf market in 1997
• Cranberry got Confirm in 1997 and Intrepid in 2007
• MACH 2™ - Molt Accelerating Compound Halofenozide
• Ecdysone receptor agonists mimic the natural function of the molting hormone
ecdysone that is released specifically for molting (the formation of a new cuticle
and shedding of the old cuticle at the end of the molting process)
• Diacylhydrazines bind to the ecdysone receptor complex and initiate a precocious
and lethal larval molt

Biological control agents
• Bacteria

• Entomopathogenic nematodes
• Entomopathogenic fungi
• Pheromones

• Bacillus thuringiensis
has become the most
commercially successful
microbial insecticide
• Bacillus thuringiensis is
unique in that each cell
produces a crystalline
protein that is toxic to
insects

Bt mode of action

Slide: S. Alm

Entomopathogenic nematodes
• Living hypodermic needles
• Sensitive to sunlight and high

and low temperatures
• MUST be watered

in

• Usually less consistent than

traditional chemicals
• Heterorhabditis bacteriophora
• White grubs, some others
• Steinernema carpocapsae
• Caterpillars, some others
• Steinernema feltiae
• Steinernema glaseri

Entomopathogenic fungi
•

Derive energy from insects (do not contain their own
chlorophyll)

•

Usually favored by moist conditions

•

Produce mycelia that erupt from dead insect

•

Available as Botanigard™ and Mycotrol™

•

Labeled for many insects

Beauveria
bassiana

No Fly ?
•

Koppert Product

•

Fungus that kills insects

•

entomopathogen that infects a
huge variety of insects and is
used to control crop infestations
by aphids, thrips, and whitefly.

•

The fungus is cultured in solid
state fermentation and
formulations of its conidia are
sprayed on plants as an emulsion
or a wettable powder.

Gonna try against cranberry weevil this year!

Good news….

photos by C. Armstrong

BHF – Blackheaded fireworm
• Not likely to develop resistance

CFW – Cranberry Fruitworm
• Not likely to develop resistance

Sparganothis resistance to
organophosphates
•

Began ca. 25 years ago in
Carver area

•

Spread throughout
industry

•

Diazinon, Sevin,
Lorsban, Orthene no
longer effective on most
populations

•

Delegate resistance
next?

•

JULY
AUGUST
JUNE

MAY
SEPT

Intrepid is your best
option focused on spring
WINTER

“Risk factors” for resistance
Relatively high reproductive capacity

Multiple generations per year
Limited host range and mobility
Few insecticides that work

Multiple applications

(of

of same MOA) each year
No refugia
Sparganothis egg mass

Fungicide Resistance Risk
DMI
FRAC Code 3

chloronitriles
FRAC Code M5

Indar
Proline
Quadris Top
Fungicide
Orbit

Bravo (and
many others)

dithiocarbamates
resistance
is
a
very
FRAC Code M3
real and serious
threat!
Mancozeb

QoI
FRAC Code 11

Ferbam

Abound
Evito

High risk

polyoxins
FRAC Code 19

Low risk

Tavano

Medium risk

In vitro assays by F. Caruso in 2012
• Reduced sensitivity to Indar (Group 3) and Abound
(Group 11)
• 4 fruit rot pathogens at 2 different locations in MA
• Cross-resistance (Indar & Proline& Quadris Top)

High concentration

Low concentration

Quadris Top difenconazole

Poll Questions
(DMI Fungicides, triazoles)

x
x
•

What IRAC group is Fanfare in?
•

x

•
•
•
•

Group 28 with Altacor DIAMIDE
Group 3 with Pyganic PYRETHROID
Group 1 with Imidan OP
Group 18 with Intrepid IGR
Group 4A with Actara NEONIC

